Rapidly growing mycobacteria of clinical significance were identified by mycolic acids detected with high-performance liquid chromatography. Mycolic acids from whole cells were extracted, derivatized, and detected by a modified high-performance liquid chromatography procedure in less than 3 h. Use of an internal standard allowed differentiation of Mycobacterium chelonae and Mycobacterium fortuitum by comparison of relative retention times. Peak height ratios were used for subidentification of M. chelonae strains; however, M. fortuitum and Mycobacterium smegmatis could not be separated by this system.
Only 2 of the 28 rapidly growing Mycobacterium species are commonly encountered as human pathogens (31) . These two species, Mycobacterium fortuitum and Mycobacterium chelonae, are included in the M. fortuitum complex. They are relatively rare pathogens that collectively accounted for 5.57, 5.16, and 6.08% of all mycobacterial isolates reported for 1979, 1980, and 1981 (7) . However, recent evidence indicates that the reported numbers of M. fortuitum complex isolates have increased steadily since 1981 (30, 31) . Recently, Mycobacterium smegmatis, commonly considered a casual environmental isolate, has been reported to cause infection in humans (29) . These reports may be due, in part, to an increased awareness of these organisms as pathogens.
A study of 125 patients with Mycobacterium fortuitum biovar fortuitum and Mycobacterium chelonae subsp. abscessus infections noted that the two species were isolated with approximately equal frequency (31) . Differences, both in the clinical disease picture and in drug susceptibilities, between the isolated species were noted. Isolates of M. fortuitum have been shown to be more susceptible to antimicrobial agents than those of M. chelonae. Both species are resistant to most of the commonly used antituberculosis drugs (22, 30) . However, investigators have noted differences between subspecies of M. chelonae in their drug susceptibilities (3, 23) . It is important, therefore, both clinically and epidemiologically, to separate and correctly identify isolates of the M. fortuitum complex. M. smegmatis was reported to produce disease in humans that was similar to that caused by M. fortuitum isolates in pattern of infection, drug susceptibility, and therapeutic response (29) .
Detection of mycolic acids (a-branched, ,B-hydroxy fatty acids) by rapid thin-layer chromatography (TLC) has been used to separate M. fortuitum from M. chelonae (6, 10, (14) (15) (16) , but further separation within this group was not possible by the TLC method. M. fortuitum and M. smegmatis have the same structural mycolic acid types, although M. smegmatis has been reported to contain more a'-mycolic acids (15) . The purpose of our study was to use reversephase high-performance liquid chromatography (HPLC) to discriminate the mycolic acid patterns of these clinically significant, rapidly growing mycobacteria. (2, 5) . After derivatization, samples were treated as previously described (2) , with the following modifications. After the 20-min derivatization step, the tubes were cooled to room tempera-ture. Samples were acidified with 0.5 ml of a solution of HCl and water (1:1, vol/vol), and 0.5 ml of methanol was added. 1C) . Correlation of the HPLC groups with specific biochemical identification was not possible. Examination of HPLC patterns produced by TMC isolates of M. fortuitum biovar fortuitum and M. fortuitum biovar peregrinum presented conflicting patterns, and we were unable to define a standard pattern for these biovars.
There were obvious differences in the heights of certain peaks having the same RRT; therefore, examination of peak height ratios was used to separate subspecies of M. chelonae. M. chelonae subsp. abscessus, when grown on Lowenstein-Jensen slants at 35°C, produced a major peak in the second group (Fig. 1A, peak 9 ) that was different from that of M. chelonae subsp. chelonae (Fig. 1B, peak 8 ) grown under the same conditions. Therefore, peak height ratios were examined for peaks 2 and 3 and peaks 8 and 9 for 25 strains of M. chelonae subsp. abscessus and for 36 strains of M. chelonae subsp. chelonae. We found that 24 (96%) of M. chelonae subsp. abscessus strains produced peak 8/peak 9 height ratios that were less than or equal to 0.86. Only one isolate (CIPI 140420009), which was received from the Collection Institut Pasteur Tuberculose, Paris, France, gave a higher peak 8/peak 9 ratio. The strain carried the designation ATCC 14472, the reference strain of "Mycobacterium runyonii" (an invalid name), but it was identified by DNA-DNA relatedness as having 77% hybridization to M. chelonae subsp. abscessus (CIPT 810192) (11) . By HPLC peak height criteria, this strain appeared to be M. chelonae subsp. chelonae, since all 36 (100%) of the isolates examined produced peak 8/peak 9 ratios greater than or equal to 1.0.
Additional examination of peak 2/peak 3 ratios for the same isolates showed that these values were less reliable for differentiation. The majority (18 of 25 strains, or 72%) of M. chelonae subsp. abscessus isolates gave a peak 2/peak 3 height ratio less than or equal to 0.18. M. chelonae subsp. chelonae had peak height ratios greater than or equal to 0.27 for 32 isolates (88% of total). The remaining 11 isolates (18% of total) produced peak 2/peak 3 height ratios in an overlapping range of 0.19 to 0.26, which was not useful in identification to the subspecies level. For this investigation, identification of M. chelonae subspecies was accomplished by comparison of height ratios of peak 8/peak 9 for both subspecies when grown on Lowenstein-Jensen medium at 35°C. We found that the ratios were almost always greater than 1.0 for M. chelonae subsp. chelonae and less than 1.0 for M. chelonae subsp. abscessus (Fig. 1A and B) .
Because some M. chelonae strains have a lower optimal temperature for growth, we examined both subspecies at 28 and 35°C and determined the effect of these growth temperatures on the HPLC pattern. When the temperature of incubation was 28°C, peak height ratios were altered. M. chelonae subsp. abscessus incubated at 28°C had a peak 8/peak 9 height ratio that was usually greater than 1.0, and it would be confused with M. chelonae subsp. chelonae grown at 35°C. However, at 28°C, M. chelonae subsp. abscessus produced a peak 2/peak 3 height ratio less than or equal to 0.5 ( Fig. 1A and B) and could be differentiated from M. chelonae subsp. chelonae, which demonstrated a peak height ratio for the same peaks that was greater than or equal to 1.0. To facilitate identification of these rapidly growing mycobacteria to the subspecies level by reverse-phase 11 were not considered for species identification. -, Peaks absent (see Fig. 1 for peak identification) .
HPLC, it was essential that the temperature of incubation be controlled.
All species of mycobacteria studied demonstrated the same incubation temperature effect. Strains of M. chelonae and M. fortuitum grown at 35°C (compared with those grown at 28°C) generally exhibited an increase in height of peaks 3, 9, and 10 and a decrease in height of peaks 1, 2, 5, 6, 7, and 8, with the exception of peak 4, which was variable for the two biovars of M. fortuitum (Table 2) . Average values shown in Table 2 were the results of multiple runs, with 8, 11, or 13 isolates examined. We also monitored M. fortuitum complex isolates at both temperatures for 8 weeks and did not detect any age-related changes in the HPLC patterns.
To determine the effectiveness of the high-molecularweight compound as an internal standard for determination of RRT in the HPLC system, we reexamined 30 strains of M. fortuitum complex and 16 strains of M. smegmatis. This preliminary examination showed excellent RRT reproducibility, with a standard deviation range for RRT of ± 0.01 to 0.09 (Table 1) . DISCUSSION For gas-liquid chromatography work, peak areas are used for identification of bacterial fatty acids, but peak heights have also been used (17, 21, 24, 25) to calculate relative peak height ratios or differences in peak heights (8, 20) ; average values of peak heights are expressed as a percentage of the total peak height (9, 18, 19) . Researchers using gas-liquid chromatography examination of fatty acids have disregarded small peaks with areas less than 2% of the total area (18) . We adopted this same cutoff value for peak height determinations.
Most mycobacteria have been shown to contain complex C60 to C9O mycolic acids with oxygen functions (keto, epoxy, etc.) in addition to a ,B-hydroxy unit (16) . M. chelonae subspecies have been shown to have only a'-and a-mycolic acids, in approximately equal amounts. M. chelonae differs from most other mycobacteria in its lack of an oxygen functional group other than the P-hydroxy group within the structural unit of the mycolic acid (14) . M. fortuitum and M. smegmatis species have been reported to contain a', a-, and epoxy-mycolic acids (15, 16) .
Minnikin et al. successfully used silica gel normal-phase HPLC and reverse-phase HPLC to separate and demonstrate the elution order of individual mycolates (13) . The solvent front contained nonmycolic fatty acids first, followed by a-mycolates, methoxymycolates, and ketomycolates. The nature of reverse-phase HPLC is such that most polar short-carbon-chain mycolic acids emerge first, followed by less-polar, longer-chain mycolic acids (2, 13) . Some of the differences noted in our HPLC pattern with M. fortuitum strains can be explained by the TLC observations of Minnikin et al. that the quantities of a'-mycolic acids vary in some M. fortuitum strains and may not even be present in some cases (16) . This variation in a'-mycolic acids could explain, in part, our lack of agreement between the biochemical identifications and the HPLC groups. Moreover, we realize that these results are in conflict with DNA homology studies that show M. fortuitum biovar fortuitum and M. fortuitum biovar peregrinum to be separate species (1) .
Standardization of the growth medium and growth temperature was necessary to detect subspecies of M. chelonae, but it was not needed to differentiate M. chelonae from M. fortuitum. We did not demonstrate a temperature effect with slowly growing Mycobacterium species (2). The higher incubation temperature (35°C) apparently caused an increase in mycolic acids that emerged from the column later in both groups, indicative of longer-carbon-chain mycolic acids. Temperature effects of this type were reported by Toriyama et al. (27, 28) , who found that increasing the temperature (up to 50°C) caused an increase in longer-chain molecular species of mycolic acids by elongation of the alkyl unit of the mycolic acids of the rapidly growing Mycobacterium phlei. Tomiyasu (26) Extensive TLC-mass spectrometry analysis of 50 mycobacterial species showed that they can be grouped into 11 different structural combinations from the 5 functional groups of mycolic acids and that these acid patterns are valuable for differential identification (16) . Unfortunately, the use of TLC-mass spectrometry is not widespread. As an extension of mycolic acid analyses, HPLC may offer an easier approach (though it is less chemically definitive than TLC-mass spectrometry) for the detection of specific mycolic acid patterns which are useful in species identification.
